Background European clinical guidelines recommend a low-density lipoprotein cholesterol (LDL-C) goal of < 70 mg/dL. Statin use varies and past studies suggest low rates of real-world goal attainment. This study describes LDL-C goal attainment among atherosclerotic CV disease (ASCVD) patients with various utilization patterns of moderate-or high-intensity statins in routine care. Methods This retrospective cohort study used electronic medical records data from the QuintilesIMS® Disease Analyzer (> 2 million individuals annually) to identify ASCVD (coronary atherosclerosis, stable/unstable angina, myocardial infarction, ischemic stroke, transient ischemic attack, aneurysm, peripheral artery disease) patients on moderate-/high-intensity statin in Germany. Proportion of patients with LDL-C < 70 mg/dL was determined using the lowest LDL-C value for each patient (index) in 2012, 2013, and 2014, while on statin. Treatment patterns were assessed for patients with at least 1 year of post-index follow-up. Results were stratified by year and treatment pattern [no change, switch, dose up-/down-titration, discontinuation (≥ 90 day gap)]. Results In > 14,000 patients assessed in each year (mean age 71 years, 35% female, 8-12% taking high-intensity statins), approximately 80% had LDL-C ≥ 70 mg/dL. Treatment patterns were assessed for most (88-93%) patients. Approximately 79-81% of patients made no change to statin regimens, 1% switched statins, 14-16% discontinued; 1% of moderate-intensity patients up-titrated, and 3% of all patients down-titrated. LDL-C goal attainment in these treatment pattern groups was 20, 16-24, 17, 11-14, and 17-19%, respectively. Conclusions Majority of ASCVD patients had LDL-C ≥ 70 mg/dL while on moderate-/high-intensity statins. Despite low LDL-C goal attainment, few patients changed their treatment regimens.
Introduction
The benefit of lowering low-density lipoprotein cholesterol (LDL-C) is well documented in patients with hyperlipidemia, with strong evidence of decreases in both all-cause mortality and the occurrence of major cardiovascular (CV) outcomes [1] [2] [3] [4] [5] . Much of this evidence has come from clinical trials of moderate and intensive statin therapy in patients with atherosclerotic cardiovascular disease (ASCVD) who are generally considered to be at particularly high risk of cardiovascular events, as well as in patients without prior CV history.
The European Society of Cardiology (ESC)/European Atherosclerosis Society (EAS) guidelines, for example, recommend tailoring treatment to each patient's level of cardiovascular risk [6] [7] [8] . These guidelines have set an LDL-C goal of < 70 mg/dL for patients considered to be at very high cardiovascular risk. Patients in this risk category have documented cardiovascular disease (e.g., prior myocardial infarction [MI] ), or a 10% or greater 10-year risk of fatal cardiovascular disease, and in randomized controlled trials, the guideline-specified LDL-C goal has been shown to reduce the risk of recurrent cardiovascular events [7] .
In routine clinical practice, statin intolerance and other factors may lead to treatment discontinuation, switching among statin agents, dose adjustments, or the need for augmentation of the statin regimen with additional therapies. These changes are common, and have the potential to impact real-world LDL-C goal attainment and the therapeutic benefits that are achieved by statin users outside of clinical trials [9] [10] [11] [12] [13] . In Europe, for example, statin use varies by country, and LDL-C goal attainment is suboptimal in routine practice, even among patients with known ASCVD [14] [15] [16] . Several studies have previously evaluated LDL-C goal attainment, but insights from those studies are limited by generally small sample sizes and limited recent data [17, 18] . This study was undertaken to provide recent real-world data on achievement of LDL-C < 70 mg/dL in a large population of ASCVD patients using moderate-or high-intensity statins overall, and in patients with different statin treatment patterns (e.g., switching, dose titration, discontinuation).
Patients and methods

Data source and study population
This is a retrospective cohort study with data obtained from the QuintilesIMS ® Germany Disease Analyzer (QuintilesIMS ® DA) for January 1, 2012 and December 31, 2014. This database contains over 14 million anonymized electronic medical records from general practitioners and specialists who represent 2.4% of all medical practices in Germany. Patients in the database are representative of the whole German population with respect to age, geography, and treatment characteristics. The study included adults with ASCVD who used moderate-or high-intensity statins during the study period. ASCVD was defined by ICD-10 codes for aneurysm, cerebrovascular disease, coronary atherosclerosis/angina/old myocardial infarction (MI), ischemic stroke (IS), MI, peripheral artery disease (PAD), transient ischemic attack (TIA), unstable angina (UA), and atherosclerosis of the arterial bed not previously defined. The definitions of moderate-intensity (atorvastatin < 30 mg or equivalent) and high-intensity (atorvastatin ≥ 30 mg or equivalent) statin regimens used in this study were adapted from the 2013 American Heart Association (AHA) and American College of Cardiology (ACC) guidelines on the treatment of hyperlipidemia (Supplementary Table 1 ) and have been previously published [19] .
The study cohorts were identified for each calendar year (i.e., 2012, 2013, and 2014) to examine variations in goal attainment over time in a largely stable patient population. Each cohort included patients who met the following criteria: (1) at least one LDL-C value in the given year, with the index date set to the date of the lowest LDL-C value obtained in that year, (2) a prescription for a moderateor high-intensity statin with days supply that overlapped with the index date, and (3) medical records available for the 12 months prior to the index date (baseline period). All qualified patients were included in analysis of LDL-C goal attainment. To examine statin treatment patterns, we restricted the study cohorts to patients with medical records available for at least 12 months following the index date.
Statistical analysis
Descriptive statistics were used to summarize patient demographics (age, sex, insurance type) and baseline clinical characteristics including Charlson Comorbidity Index scores [20] , and to describe the presence/absence of key conditions of interest (i.e., diabetes, hypertension, coronary heart disease, myocardial infarction, ischemic stroke, peripheral artery disease, chronic kidney disease, chronic obstructive pulmonary disease, heart failure, and depression).
Treatment patterns [i.e., discontinuation (defined as failure to refill statin prescriptions within 90 days of endof-day's supply), switching between statins, up-and downtitration (defined as at least one increase or decrease of statin dosage), and time to treatment modification (defined as the time from index to the treatment pattern changes for patients)] were analyzed for the subgroup of patients who also had at least 1 year of post-index follow-up (Fig. 1) ; these patients were followed through the earliest of December 31, 2015 or lost to follow-up. In addition, the percentage of patients attaining the LDL-C goal of 70 mg/dL in each calendar year was determined using LDL-C data obtained on the index dates. This approach provided a reasonable and conservative assessment of goal attainment since patients were not required to remain at goal, but were counted as 'successful' if they reached the LDL-C goal at any point while on statin therapy in the year being assessed. Goal attainment was determined for the study population overall and for patients stratified by statin intensity and the comorbidities listed previously. For patients included in the treatment pattern analysis, goal attainment was assessed for the subgroups of patients exhibiting each treatment pattern.
Results
The number of patients meeting study inclusion criteria was 14,058 in 2012, 15,383 in 2013, and 16,316 in 2014 ( Fig. 1 ). In these three annual cohorts, the mean age was 71 years, 35% of patients were female, and 8-9% of patients had private health insurance (Table 1) . At index, the majority (88-92%) of study patients were taking moderate-intensity statins and 8-12% were taking high-intensity statins. In each annual cohort, 7-10% of patients used ezetimibe. In the baseline period, hypertension and coronary heart disease were common, respectively, affecting approximately 75 and 70% of patients in each annual cohort. Just under one-third of patients in each annual cohort had been diagnosed with Type 2 diabetes.
In each year, approximately 80% of all study patients failed to attain LDL-C < 70 mg/dL while on moderateor high-intensity statin therapy ( Table 2 ). In 2014, the proportion of patients who did not achieve the LDL-C goal ranged from 66.5% in patients with diabetes and two prior cardiovascular events to 81% among patients with PAD with similar results in 2012 and 2013.
Treatment patterns were assessed for approximately 13,000 to 14,000 patients in each of the annual cohorts. In these populations, the majority (79-81%) of moderate-or high-intensity statin users remained on the same statin regimen throughout the 1 year of follow-up (Table 2) . Among those on high-intensity statins, 64-75% remained on stable therapy. In the full population, 14-16% of patients discontinued high-or moderate-intensity statin therapy during follow-up, with a higher discontinuation rate (16-24%) 
Population to study LDL-C goal attainment
Patients were continuously enrolled in the plan for at least one year post-index. (n=13,017; 14,180; 14,343)
Population to study treatment patterns among patients on high-intensity therapy. Only 1% of patients on moderate-intensity statins up-titrated the statin dose. Approximately 3% of all patients down-titrated their statin dose, including 9-10% of patients using high-intensity statins. Baseline characteristics of patients exhibiting each treatment pattern are presented in Table 3 . Among patients who discontinued moderate-/high-intensity statin use, the mean age was 71 years, 74% had hypertension, 16% had PAD, and 14% had heart failure, which is similar to baseline characteristics of patients who remained on the same statin. Patients who increased their statin dose (up-titration, n = 124) were younger on average than patients who remained on the same statin, and the up-titrated group had a lower proportion of patients with diabetes compared with patients who exhibited other treatment patterns.
Among all patients in the 2014 cohort who made no modifications to their index moderate-or high-intensity statin regimen, only 20% attained the LDL-C goal (Fig. 3,  Supplementary Table 3 ). Among patients with other treatment changes, only 11-24% attained the LDL-C goal (Supplemental Table 3 ), with a similarly low percentage of patients in each of the treatment pattern groups attaining LDL-C < 70 mg/dL. LDL-C goal attainment results were also similar among patients using an index highintensity statin. Only 17-19% of each annual cohort of patients with no changes to their high-intensity statin regimens achieved goal, and 11-26% of patients who modified their high-intensity statin regimens achieved the LDL-C goal. 
Discussion
This study demonstrates that a considerable proportion of ASCVD patients who are using moderate-or highintensity statins are not reaching the LDL-C treatment goal of < 70 mg/dL and, therefore, remain at increased risk of cardiovascular events. The results of this study not only highlight suboptimal goal attainment among highrisk patients, but also add to a growing body of literature that has consistently documented low levels of LDL-C goal attainment in statin users more generally [15, 17, 18, [21] [22] [23] . It, therefore, seems likely that the observations from Germany reflect treatment patterns in other industrialized countries. Findings from the current study demonstrate that, for the majority of ASCVD patients who had filled prescriptions for moderate-or high-intensity statins, even the lowest documented LDL-C exceeded the ESC/EAS guideline-recommended level of < 70 mg/dL. Low rates of goal attainment occurred across the 3-year study period, and in all patient subgroups defined by key ASCVD comorbidities, including those with diabetes and multiple prior cardiovascular events. The rate of goal attainment remained low over time even with an increasing proportion of study patients using high-intensity statins. Discontinuation of statin use was the commonly observed treatment modification, with 14-16% of all ASCVD patients discontinuing therapy during follow-up. While the rate of LDL-C goal attainment among patients who discontinued moderate-or high-intensity statin use was only 17% across all years, the rate of goal attainment was only marginally better (20%) among patients who remained on the same statin agent and dose. Although switches and up-titration of statin dose may represent attempts to improve patients' ability to achieve the LDL-C goal, few patients exhibited those treatment modifications. The low occurrence of these treatment modifications may be indicative of clinicians' desire to avoid prescribing high-intensity statins if possible, concerns about increased risk of diabetes [24, 25] and about statin tolerability at higher doses/intensity, or patients' unwillingness to modify their therapy regimen [26] .
The present results are not only consistent with those from previous observational studies, but provide more current data for a large sample of high-risk patients treated with moderate-or high-intensity statins. In the EUROASPIRE IV study, which included 6,648 patients with coronary heart disease in 24 European countries, only 19% achieved LDL-C goal, with goal attainment achieved by 14-16% of women and men on low-/moderate-intensity statins, and 20-29% of individuals on high-intensity statins [16] . Data collected in the 2008 Dyslipidemia International Survey (DYSIS) from 748 office-based physicians throughout Germany indicated that, despite use of statins generally in the range of simvastatin 20-40 mg daily or equivalent, 58% of all patients (n = 4282) and high-risk patients (n = 3783) did not attain LDL-C goals [27] . In another analysis of data collected in the cross-sectional, observational DYSIS study for 57,885 statin-treated outpatients in 30 countries across Europe, the Middle East, Africa, Asia, and Canada, patients were classified as being at very high, high, or non-high cardiovascular risk based on the 2011 ESC/EAS guidelines [7, 14] . Overall, only 27% of patients achieved their risk-based LDL-C goal. German patients exhibited the lowest level of goal attainment (14.3% of 3879 patients), with only 11% of very high-risk patients attaining LDL-C goal [28] . The impact of Germany's statutory health insurance disease management programs (DMP) for diabetes mellitus and coronary heart disease on attainment of lipid-lowering goals has been assessed using data obtained in the prospective, noninterventional LIMA (Leitliniengerechte Lipidtherapie und Zielwerterreichung bei Risikopatienten im klinischen Alltag) study. In this secondary prevention population of 12,154 adults, 7-10% attained the < 70 mg/dL LDL-C goal at any point during a 12-month follow-up [29] .
Similar goal attainment results were also reported for the retrospective cross-sectional DISCOVER study which assessed the rate of goal attainment in very high risk, ambulatory patients who were using generic atorvastatin (mean dose 27.9 ± 15.8 mg/day) [23] . Only 11% of patients in this population (patients with at least 1 month of stable treatment), diagnosed with diabetes mellitus (n = 658), coronary heart disease (n = 1233), or both (n = 734) reached LDL-C of < 70 mg/dL.
Statins are recommended as first-line therapy for patients with elevated LDL-C, and the majority of clinical guidelines, including the 2016 ESC/EAS Guidelines for the Management of Dyslipidaemias, recommend a 'treat to target' approach [6] . The low rate of LDL-C goal attainment observed in the present study population highlights an essential gap between the optimal, guideline-recommended LDL-C levels and actual levels achieved using moderate-or high-intensity statins. A number of factors may contribute to this observed lack of goal attainment. Not all patients with hyperlipidemia are able to tolerate statins or to achieve sufficient LDL-C reductions with statin therapy [30] . In particular, some patients with ASCVD or diabetes mellitus, and even some individuals who are high risk but asymptomatic, may be unable to reach LDL-C treatment goals even at the highest tolerated statin dose [6] . To ensure that patients are progressing toward LDL-C goals, the ESC/EAS guidelines recommend routine monitoring of statin compliance and treatment efficacy through laboratory assessment of LDL-C and other lipid measures, and physicians are urged to consider treatment modifications or augmentation if a patient's therapeutic response is inadequate [6, 7] . Our results suggest that, in actual practice, treatment modifications rarely occurred in the ASCVD population, even in light of laboratory assessments indicating that the majority of patients using moderate-/high-intensity statins are not achieving LDL-C goals. Future research is needed to understand why treatment modifications are so rare, but the current findings highlight an important unmet need in the large number of patients who fail to achieve LDL-C goals, regardless of treatment pattern.
The consistently observed lack of goal attainment among statin users in Germany and elsewhere highlights the need for a range of therapeutic options to meet diverse patient needs. Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, for example, represent a new therapeutic option that has recently entered the treatment landscape for patients with hyperlipidemia who are unable to achieve goal with statin monotherapy [31, 32] .
The database used in this study is unique in providing access to detailed clinical data for over 2 million individuals across a multi-year period. From this large and representative population, we identified over 14,000 ASCVD patients in each year from 2012 to 2014. Patients contributed data in each study year for which they had an LDL-C value recorded in the database, which enabled us to examine patterns of LDL-C goal attainment in a largely stable population over time. The availability of follow-up data in this data source also allowed for the assessment of treatment patterns for the majority of study patients. As with any study, there are also limitations. Generalizability is an important consideration, and we note that our results may not generalize to the experience of all ASCVD patients since we focused exclusively on patients who were using either moderate-or highintensity statins. We used the AHA and ACC classifications to define moderate-and high-intensity statins. Since this paper focuses primarily on results for the combined population of moderate-/high-intensity statin users, the distinction between these two levels of intensity is not critical. That said, definitions of statin intensity vary across geographies. If high intensity is defined more broadly (e.g., ≥ simvastatin 40 mg), a larger portion of each annual cohort would fall into the high-intensity category. German guidelines, for example, recommend simvastatin 40 mg as the standard dose for high-risk patients, which may explain why that majority of study patients were classified into the moderate-intensity category and may also have contributed to the low observed rate of up-titration.
In addition, the study design did not allow for evaluation of either the reasons for modifications of treatment regimens or why patients were unable to meet the LDL-C goal. Despite the very large sample size in this study, the number of high-intensity statin users included in the treatment patterns analysis was relatively small, so there may be greater variability in the estimates derived for that group.
The primary strength of the study is its use of a large nationwide database. Another strength is the use of realworld data on diagnoses in primary care practices; in this setting, diagnoses are continuously documented, allowing for unbiased assessment (i.e., no recall bias). Finally, the study design did not allow for consideration of the impact of treatment adherence on goal attainment. However, study patients had been prescribed moderate-or high-intensity statins and confirmed to have these statins on hand at the time that their lowest LDL-C values were obtained.
Conclusions
LDL-C is an important and modifiable cardiovascular risk factor [1] . In routine clinical practice, however, our study suggests that approximately 80% of patients with ASCVD who use moderate-or high-intensity statins do not achieve the guideline-recommended LDL-C goal of < 70 mg/dL. In addition, few patients modified their statin regimens during follow-up and the majority of study patients were above LDL-C goal, regardless of the statin treatment pattern they exhibited. This lack of goal attainment, alongside a pattern of minimal treatment modifications, highlights an unmet clinical need as patients who remain above LDL-C goal remain at increased cardiovascular risk. With this low rate of LDL-C goal attainment among high-risk ASCVD patients treated with high-or moderate-intensity statins, alternative therapeutic options are needed to help patients achieve CV risk reduction.
